Worksites on Individual Cessation Behavior: Chihiro NISHIURA, et al. Department of Safety and Health, Tokyo Gas Co., Ltd.-Objectives: To identify the effect of worksite smoking prevalence on individual cessation behavior. Methods: We conducted a cohort study at a Japanese worksite without a total ban on smoking, but with designated smoking areas. Baseline data were obtained in 2005 through a self-administered questionnaire from 15,229 workers in 322 work units as part of annual health checkups, and followed up in 2006. Data on smoking status, time to first cigarette after waking up, desire to quit, number of cigarettes smoked per day, and respiratory symptoms were obtained. Details like workers' demographics, blue/ white-collar workers, night shift duties, administrative position, and work unit codes were obtained from the firm's administrative records. Smoking prevalence in work units was calculated as a ratio, standardized by age, and categorized into quartiles. Multiple logistic regression was used to predict cessation by smoking prevalence, adjusting for individual level variables. Results: In the lowest smoking prevalence quartile compared with the highest, odds ratios (95% CI) of cessation among those who smoked their first cigarette more than 30 min after waking up were 2.32 (1.06, 5.09) in white-collar units and 1.86 (0.98, 3.55) in bluecollar units, and that among those with a moderate desire to quit was 2.05 (0.94, 4.49) in white-collar units. Conclusion: Worksite smoking prevalence affects the likelihood of successful cessation, especially among those with less nicotine dependence and who are in the early stage of behavioral change. This suggests that serious consideration should be placed not only on individual behavior modification but also on modification of worksite conditions. (J Occup Health 2009; 51: 48-56) 
Smoking is one of the leading preventable causes of death and disability for both smokers 1) and nonsmokers 2) . The health loss incurred by smoking negatively affects productivity and contributes to absenteeism 3) . Therefore, smoking is regarded as one of the major targets of occupational health programs at worksites, to enhance the well being of both workers and organizations.
The first guideline for smoking control at worksites was issued by the then Ministry of Labour in 1996. According to this guideline, individual education and a designated smoking area were recommended as a protocol. At present, a number of pharmaceutical and behavioral programs are available for encouraging smoking cessation. An alpha4beta2 nicotinic acetylcholine receptor partial agonist was reported to result in a significantly high likelihood of success in cessation, compared to a placebo 4, 5) . Behavioral programs based on the transtheoretical model 6) and other behavioral theories have also proved fruitful 7) . However, the one year success rate of cessation is approximately 30%, and the issue of relapse remains a major concern 5, 8) . In addition to these individual level interventions, environmental level interventions are expected to be effective at inducing cessation behaviors 9, 10) . Although, so far, there has been no evidence to support the effectiveness of designated smoking areas, a number of studies have shown the effectiveness of a total smoking ban at worksites, in the encouragement of individual cessation 11) . A ban is effective not only with regard to smoking cessation at worksites, but also in off-duty situations 12) , suggesting that environmental change such as a no smoking policy would affect individual psychological intentions to stop smoking.
The mechanism and conditions as to when and how environmental conditions affect individuals' behaviors are debatable. Previous studies on the efficacy of a smoking ban had several limitations. Some studies failed to control individual level confounders such as psychological readiness to quit and physiological nicotine dependence [12] [13] [14] . A mere comparison of smoking cessation rates across companies with/without a smoking ban might be biased by the difference in the socioeconomic status of workers, since companies that have a no smoking policy may be larger and more affluent than those that do not 13, 14) . Furthermore, relying on selfreports of smoking status under a total smoking ban may be susceptible to socially desirable responses, which threaten the reliability of the variable.
Using a cohort at a Japanese worksite, this study attempted to identify the effect of environmental conditions on individual smoking cessation behavior. We regarded the smoking prevalence in a work unit as the social environment affecting individual smoking cessation. With concurrent measure of individual level confounders, the cohort of a single company with designated smoking areas enables the mitigation of the selection bias due to the socioeconomic difference among workers and misclassification owing to socially desirable responses. We also tested whether workers with certain characteristics would be more susceptible to the environmental effect.
Methods

Data source
The data were derived from annual health checkups that were conducted in a large automobile company in Japan. The number of the entire population of this worksite was 19,000 in 2005, and all workers underwent a health checkup. Each worker underwent a health checkup in his/her birth month and was followed up after a year. Our data were limited 80% of the workers (15,229/ 19,000) for whom health checkup data in a limited time span were available. Since birth months of workers are evenly distributed, we do not think this would lead to sampling bias. The worksite employed a wide variety of white-and blue-collar workers spread over 322 work units. At the time of the study, the company had not introduced a total smoking ban, however, smoking was only allowed in designated closed-off smoking rooms. In addition, individual-based and/or group education had been provided by occupational health staff for years. There was no major organizational reconstruction, and the majority of workers continued working in their initial work units throughout the study period.
We further restricted our study sample (15,229 workers, 322 units) to workers who (1) continued to work in their initial work units (12,921 workers), (2) underwent a follow-up checkup in 2006 and completed interview sheets (12,689 workers), (3) were aged between 20-59 yr (12,437 workers), and (4) belonged to work units that had more than 10 workers (12,124 workers, 230 units), as shown in Fig. 1 . We included the first and fourth conditions because our main concern was the impact of the social environment in each work unit on individual smoking behavior. Consequently, 12,124 workers (79.6% of 15,229) in 230 work units were available for the following analysis. The use of health checkup data in this study was officially approved by the company, and oral consent for generic use of data for evaluation and research was obtained from all participant employees at the time of health checkup. All data were provided anonymously.
Study measures
Dependent variables. The outcome variable was the change in smoking status. Respondents were classified as quitters if they reported having smoked in the first year and not having smoked in the follow-up year. Independent variables. A self-administered questionnaire was distributed at the time of the health checkup to obtain smoking status (current smoker, nonsmoker), time to first cigarette after waking up (less than 30 min or later), desire to quit smoking (a lot, someday, not at all), the number of cigarettes smoked per day, and respiratory symptoms (such as cough, phlegm, and breathlessness). Data pertaining to demographics, worker type (white-collar, blue-collar), night shift duties, administrative position (whether administrative or not), and work unit codes to which the workers belonged were derived from the company's administrative records.
Our primary explanatory variable of interest was the prevalence of smoking in each work unit. The prevalence was obtained as the standardized smoking ratio (SSR) by age for each work unit as of 2005. We calculated the SSR as follows:
where S denotes the number of smokers in the work unit; Wi, the number of workers in age category i in the work unit; and Pi, the smoking prevalence in age category i in the entire population.
Since there were very few female workers in this sample and smoking prevalence was generally low among women, we only considered male workers to calculate the SSR. We defined a work unit in which more than half of workers were white-collar as a white-collar dominant work unit (WW), and a unit in which more than half of workers were blue-collar as a blue-collar dominant work unit (BW). We obtained the SSR separately for WWs and BWs, as smoking prevalence was distinct between these two work unit types. We classified SSR categories according to quartiles of work units and classified SSR categories into levels 1-4, by arranging the SSR categories in ascending order; the SSR categories of the WWs were ≤ 0.84, 0.85-1.08, 1.09-1.32, and 1.33+, and for the BWs, they were ≤ 0.92, 0.93-1.03, 1.04-1.10, and 1.11+.
Analysis
Chi-square tests were used to examine the associations between baseline smoking prevalence and the behavioral characteristics of smokers. Univariate logistic regression analysis was performed to calculate the odds ratio of being a quitter. Multivariate logistic regression analyses were performed to control for individual level confounders. Finally, the interaction terms between the SSR and individual factors were tested. When the interaction was found to be significant, stratified analysis by the identified individual factor was conducted with the remaining variables in the model. A trend test was also performed on each logistic model in which SSR was entered as an interval variable. We chose to conduct the above analyses through stratification by work unit type because the prevalence of smokers and the association of smoking status with workers' characteristics were distinctive according to work unit type, as is shown later in the results. We also conducted a similar analysis using a generalized estimation equation to reflect the hierarchical structure of the data. Since the contribution of work unit level variance was not statistically significant, we simply reported the results of logistic regression. These analyses were performed with SPSS version 15.0J, using 5% as a conventional significance level. Table 1 presents the baseline characteristics and smoking prevalence of respondents by work unit type. Workers in the BWs showed an overall smoking prevalence of 55.2%, compared to 31.3% in the WWs. Smoking prevalence was lower among females and higher among night shift workers. Otherwise, the prevalence proportion and distribution of characteristics were distinctive by work unit type. Older workers had the highest smoking prevalence in the WWs, while the same age groups showed the lowest in the BWs. Workers in administrative positions had lower prevalence in the BWs, although this did not hold true for the WWs. Table 2 presents the behavioral characteristics of smokers at baseline by work unit type. The majority of smokers had their first smoke less than 30 min after waking up, expressed the desire to quit someday, and smoked 15-24 cigarettes per day. Smokers in the BWs had their first cigarette earlier after waking up and smoked more cigarettes per day than those in the WWs. Table 3 presents the results of univariate logistic regression analyses on quitting by work unit type. The proportion of quitters was higher among workers in the WWs than among those in the BWs. Fewer cigarettes per day, taking 30 min or more to smoke the first cigarette after waking up, and the desire to quit were common significant predictors of successful quitting in both work unit types. Younger age was also a significant predictor of successful quitting in the WWs. The point estimate of the odds ratio of quitting was the highest in the lowest category of SSR, however, the relationship did not reach conventional statistical significance (p-value for trend test =0.16 in the WWs, 0.22 in the BWs). Table 4 exhibits the results of multivariate logistic regression analyses of the SSR on quitting after controlling for gender, age, night shift duties, administrative position, number of cigarettes per day, time to first cigarette after waking up, desire to quit, and respiratory symptoms. Compared to the results of the univariate analysis, the lowest SSR persistently showed the largest odds ratio of quitting, and the estimated odds a We defined a work unit in which more than half of workers were white-collar as a white-collar dominant work unit (WW), and a unit in which more than half of workers were blue-collar as a blue-collar dominant work unit (BW). b Chi-square tests were performed by worksite types. ratios were almost similar before and after the adjustment for individual factors, suggesting that the effect of the work unit SSR was somewhat independent of individual level predictors. However, it still did not reach statistical significance (p-value for trend test=0.10 in the WWs, 0.18 in the BWs).
Results
As we found in the subsequent analyses, the interaction between the SSR and desire to quit (log likelihood ratio test: p<0.001) and that between the SSR and time to first cigarette after waking up (log likelihood ratio test: p<0.001) were significant for WW subjects. We conducted stratified analysis, using these variables. As shown in Table 5 , there was a significant odds ratio of quitting in the lowest quartile SSR among the subsample who smoked their first cigarette more than 30 min after waking up in the WWs (2.32; 95% CI: 1.06-5.09). The same odds ratio was marginally significant in the BWs (1.86; 95% CI: 0.98-3.55). The magnitude of the odds ratios and SSR suggests a linear trend in those subsamples of smokers who smoked their first cigarette more than 30 min after waking up (p-value for trend test=0.03 in the WWs, 0.10 in the BWs). Similarly, a linear and marginally significant increase in the odds ratio were also seen among those with "a desire to quit someday" in the WWs (2.05; 95% CI: 0.94- 4.49, p-value for trend test=0.07).
Discussion
We found that there was a distinctive relationship between smoking prevalence in work units and the individual likelihood of quitting, and the degree of this relationship varied according to individual characteristics and work unit types. These findings suggest that facets of the social environment, such as smoking prevalence, could be influential factors in inducing individual behavioral change in worksite smoking cessation programs, at least for a certain segment of workers.
A previous study by van den Putte et al. also reported the effect of smoking prevalence on the individual intention of smoking cessation among 2,895 Dutch smokers through an internet survey 15) . In this study, the measurement of smoking prevalence was based on a subjective report of smoking prevalence in a group, scaled on the basis of qualitative categories. To the best of our knowledge, our study is the first to report the relationship between objectively defined prevalence in work unit groups and individual change in smoking behavior.
Although not conventionally statistically significant, we observed a dose-response negative trend in the odds ratios of SSR on quitting, independent of individual level behavioral factors. Smoking prevalence is presumed to reflect the degree of group norms for or against smoking. In a work unit with lower smoking prevalence, smoking would be regarded as unacceptable behavior since smoking during work hours would mean a temporal excuse from work. Social pressure against smoking would lead to a stronger motivation to quit and a higher likelihood of quitting. A previous study also revealed that social norms on the acceptability of smoking and subsequent pressure had an effect on individual intention of cessation 15) , which, in turn, is a powerful predictor of quitting behavior 16, 17) . The above-mentioned relationship was especially remarkable and significant among those who smoked their first cigarette more than 30 min after waking up (Table  5 ) and those in WWs. Time to first cigarette after waking up is an item that is included in the Fagerstrome Test for Nicotine Dependence 18) and is known to be the most powerful predictor of cessation 19) and nicotine dependence 20) . Our finding may suggest that smokers with less physiological nicotine dependence are more susceptible to the surrounding social environment. Goto et al. in their internet survey of 616 Japanese smokers revealed that health risk information is more likely to induce cessation among those with less nicotine dependence 21) . As such, those with less physiological addiction may be more open to external information to evaluate and reflect the relevance of smoking behavior.
We also found that workers in WWs were more susceptible to smoking prevalence than those in BWs, a finding that needs some explanation. Workers in these two work units differed in their degree of job discretion. Those in BWs were less likely to exercise job discretion because of the nature of their work. Workers in BWs could only take scheduled short breaks, and the breaks were too short for them to get to designated smoking rooms to smoke. Therefore, workers in BWs smoked during lunch time and off-work hours, which tended to be outside the influence of the work unit to which they belonged to. In contrast, workers in WWs enjoyed more job discretion during duty to take a short break to smoke. As such, smoking would be regarded as something based on personal discretion in this type of work unit, and it was more likely to be blamed as being a deviation from social norms in the group. Other studies also reported that blue-collar workers are likely to experience less pressure from their coworkers to quit smoking 22) , which is consistent with our findings.
A linear trend between smoking prevalence and quitting was also observed among those with a moderate level of quitting desire (someday) in the WWs. According to the transtheoretical model 6) , the psychological readiness to quit marks various behavioral stages. In the "contemplation" stage, where a subject takes a behavioral change into consideration without any action, perceived social environments and norms against smoking are influential factors affecting the individual likelihood of stage shift from contemplation to subsequent behavioral change. It would be reasonable to regard those who have the desire to quit "someday" as being in the stage of "contemplation". Prochaska et al. reported that 40% of current smokers are in the contemplation stage; this figure is roughly consistent with that of the "quit someday" in our study sample 6) . Our findings may bring to light an important implication for planning behavioral programs at worksites for encouraging smoking behavioral change. Those with less nicotine dependence and in the early stage of behavioral change may be affected not only by individual education but also by environmental factors. Thus, workers with the same likelihood of behavioral change with regard to their psychological readiness may still have a different likelihood of success with regard to quitting if they belong to a worksite that has a higher smoking prevalence. In such cases, education should be individually tailored and reinforced by taking the social environment into account. Besides, work units with higher smoking prevalence should be targeted with intensive interventions to change the norms concerning smoking behaviors, for example, by introducing a smoking ban 23) .
Limitations
This study has several limitations. First, we relied on workers' self-reports to obtain data on smoking behavior and nicotine dependence. Although our sample workers were not subject to a total smoking ban at the site, the social desirability response bias may have nevertheless affected the accuracy of the self-report on individual smoking behavior. However, there would be no valid reason to believe that such a response would vary according to worksite smoking prevalence. The lesser accuracy of outcome measurement, if present, would have lead to less statistical power.
Second, the work unit classifications that we used in this study might have been too large to accurately reflect the group norms against smoking, especially among the BWs. This might have attenuated the SSR association with quitting in this subsample. If we had used narrower work unit classifications, it might have been possible to obtain a clearer association.
Third, the estimation of SSR might be highly variable in very small units. To avoid this issue, we excluded units with less than 10 workers from our SSR calculation. We also conducted a similar analysis with exclusion of units with less than 15 workers (11,829 workers, 206 units), and obtained similar results. However, the effect of smoking prevalence in a very small unit with less than 10 workers remains a challenging question because SSR would be more susceptible to measurement error, and individual smoking behaviors would be influenced by more intense and complicated interaction among unit members. This issue should be addressed in future studies.
Most importantly, the degree of smoking prevalence and work unit type (i.e., blue/white dominance) was strongly correlated, and we were unable to determine which was more influential. We recalculated the SSR by combining the two work unit types and conducted a similar analysis. The odds ratio (95% CI) of quitting was 2.61 (1.45, 4.69), 1.93 (1.14, 3.27), and 1.27 (0.84, 1.92), in ascending order of the SSR quartiles (data not shown in the tables). As such, the likelihood of quitting among those with lower SSRs, namely those belonging to the WWs, was more strongly affected by the SSR. Further studies are needed to clarify whether the type of work unit would affect individual cessation behavior independent of work unit smoking prevalence.
Conclusion
Our study showed that worksite smoking prevalence affected the likelihood of successful cessation, especially among those with less nicotine dependence and who were in the early stage of behavioral change. The result suggests that serious consideration should be placed on not only individual behavior modification but also on the worksite itself to reduce smoking prevalence, as this would potentially impact approximately half the number of smokers.
